al., 1986a,b; Takeichi et al., 1988) . There are three subtypes of cadherin including those expressed in epithelial cells (Ecadherin) (Yoshida-Noro et al., 1984) , nerve cells (Ncadherin) , and placenta type (P-cadherin) (Nose & Takeichi, 1986) . Since each subtype is specific for other molecules of the same type (Takeichi et al., 1981 Hatta & Takeichi, 1986) , cadherin is presumed to be important in homophilic cell adhesion and clustering which in turn may be required in organogenesis (Hatta & Takeichi, 1986; Duband et al., 1987) . In cancer tissues, intercellular dissociation is considered to be an initial and necessary process for cancer cells to infiltrate and metastasise (Liotta, 1984) . It is therefore conceivable that E-cadherin expressed by cancer cells may be low or that its function may be depressed.
There have been several reports concerning E-cadherin expression in cancer cells. Hashimoto et al. (1989) reported that E-cadherin expression was uneven and depressed as a whole in a cell line derived from a highly metastatic mouse ovarian carcinoma (OV 2944 cells), while cadherin expression in a poorly metastatic strain of the same origin was elevated (Hashimoto et al., 1989) . Shimoyama et al. (1989) , who stained various lung cancer tissues from 44 patients with monoclonal antibodies against E-and P-cadherin found that the distribution of substypes E and P varied with each histological type of lung cancer (Shimoyama et al., 1989) . Frixen et al. (1991) demonstrated that some cancer cell lines derived from bladder, breast, lung and pancreatic carcinomas which were poorly differentiated had lost E-cadherin expression. These cadherin-deficient cells were invasive in collagen gels, whereas other highly differentiated cell lines in which Ecadherin was expressed, were not invasive (Frixen et al., 1991; Behrens et al., 1989 Immunoperoxidase staining for E-cadherin in gastric tissue specimens Mouse monoclonal antibodies against human E-cadherin (HECD-1) was prepared as described earlier (Shimoyama et al., 1989 for another 1 h. The membrane filters were washed extensively with HBSS-Ca"+ and mounted with 90% glycerol-10% HBSS-Ca"+ containing 0.1% paraphenylenediamine (Johnson & Nogueira Aravjo, 1981) . Observations were performed using a fluorescence microscope (Axiovert 405M, Zeiss). (+) (+) (+)
Well diff., well-differentiated adneocarcinoma; Mod. diff., moderately differentiated adenocarcinoma; Poorly diff., poorly differentiated adenocarcinoma. Signet ring cell, signet ring cell carcinoma; m, mucosal layer; sm, submucosal layer; pm, proper muscular coat. aStaining intensity: (+ ) when intensity is as strong as normal gastric mucosal epithelia, (-) when intensity is hardly detectable, ( ) when intensity is intermediate. Assay for cell aggregation Cancer cells collected from carcinomatous fluid were dissociated with 0.01% pronase in HBSS-Ca+ + and washed twice with Ca++-and Mg++-free HEPES buffered saline. In all of the specimens, cells proved to be more than 96% viable by trypan blue exclusion. 1 x 105 cells resuspended in 1 ml of HBSS-Ca"+ were incubated for 15, 30 and 60min at 37°C on a gyratory shaker. After incubation, the total particle numbers in each cell suspension were counted with a Coulter counter. The degree of aggregation was represented by aggregation index; N,/NO, where N0 was the total particle number before incubation and Nt was the total particle number after incubation for tmin (Takeichi, 1977) .
Western blot analysis of E-cadherin 1 x 107 cancer cells collected as mentioned above were homogenised in 2 ml ice-cold homogenisation buffer (10 mM Tris-HCI, pH 7.6, 1 mM CaC12, 1 mM MgCl2, 1 mM PMSF, 1 mM p-tosyl-L-arginine methyl ester) and centrifuged at 1300 g for 30 s at 4°C. The supernatants were then sedimented at 13 000 g for 20 min at 4C. The pellets were subsequently resuspended in SDS sample buffer and 40 ig of protein per lane was electrophoresed on 4-20% acrylamide gradient gels and transferred to nitrocellulose filters (Towbin et al., 1979) . The filters were blocked for 1 h with 7% low fat milk in HBSS-Ca++, and then incubated for 1 h with HECD-1 followed by peroxidase-coupled goat anti-mouse IgG and stained with 0.5 mg ml-' diaminobenzidine and 0.015% H202 in 0.1 M Tris-HCI, pH 7.2.
Results
Immunoperoxidase staining for E-cadherin in normal gastric mucosa A typical tissue specimen of normal gastric mucosa stained immunohistochemically for E-cadherin is shown in Figure 1 . E-cadherin stained the intercellular boundaries of epithelia of Figure 6 Immuno-electron microscopy staining for E-cadherin in normal gastric mucosa a, in a moderately differentiated adenocarcinomas b, and a poorly differentiated adenocarcinomas c. The intercellular boundaries stained clearly in normal epithelial cells. In a moderately differentiated adenocarcinomas, not only intercellular boundaries but also free borders stained deeply but unevenly. Cancer cell of a poorly differentiated adenocarcinoma which was identified by their irregular margin of nucleus, high nucleus-cytoplasm ratios, and chromatin aggregation, stained only in spots for E-cadherin.
the normal mucosa but neither the free borders of epithelia nor the interstitial non-epithelial cells were stained at all (Figure la) . The intensity of staining in the epithelial cells around the mucosal neck was lower than that in the other parts of mucosal epithelia, suggesting that E-cadherin expression is depressed in areas of proliferation. Figure lb shows Figure 2 illustrates a staining pattern of well differentiated adenocarcinomas. Tubular forming cells (which was the main histological structure) exhibited similar staining patterns as normal mucosa, irrespective of depth of infiltration; intercellular boundaries were strongly stained while free borders of cancer cells were generally negative.
In moderately differentiated adenocarcinomas, cancer cells consisting of tubular formations or cell clusters were also stained as well differentiated adenocarcinomas cells at all layers of gastric wall, although staining intensity on each cell surface was somewhat uneven. A single-cell malignant infiltration into the interstitial space stained faintly regardless of the depth of infiltration (Figure 3 ). In poorly differentiated adenocarcinomas (Figure 4 ), cancer cells formed clusters through all layers of the stomach wall and showed only light membrane staining, not only at intercellular boundaries but also at free borders. Singly infiltrating cells at all layers of specimen, hardly stained for E-cadherin.
In signet ring cell carcinomas ( Figure 5 ), almost all cells, which infiltrated in single-cell fashion, were completely unstained. In order to determine whether or not the staining intensity correlated with the histological types, depth of infiltration, tubular formation and cell clustering of gastric cancer, the intensity grade of staining was analysed semiquantitatively in 21 patients using the classification +, +, -described in methods. The results are summarised in Table I . In both well differentiated adenocarcinomas and moderately differentiated adenocarcinomas, cancer cells consisting of tubules generally stained as strongly as normal mucosal epithelium, irrespective of their depth of infiltration. Clustered cells showed slight differences in staining pattern between moderately differentiated adenocarcinomas and poorly differentiated adenocarcinomas; in the latter histological type, the staining was either relatively weak or uneven as compared to that of the former, in which staining intensity was almost the same as that of tubular portions. In contrast to the cells forming tubules or clusters, sparsely infiltrating cells were generally stained faintly or hardly at all. There was no essential difference in intensity between cells infiltrated sparsely at different depths of the gastric wall.
Immuno-electron microscopy staining of E-cadherin Expression of E-cadherin in gastric tissue specimens was examined in greater detail by immuno-electron microscopy ( Figure 6 ). In normal gastric mucosa, the intercellular boundaries of adjacent epithelial cells were stained, but the apical borders with microvilli and the basal borders did not stain at all. In moderately differentiated adenocarcinomas, the cancer cell membranes stained deeply but unevenly and the free borders of cells also stained for E-cadherin. In poorly differentiated adenocarcinomas, the cell membrane stained only partially.
E-cadherin expression of cancer cells in ascites or pleural effusion
In order to investigate E-cadherin on free cancer cells of carcinomatous fluids from various adenocarcinomas (seven gastric adenocarcinomas, two pancreatic adenocarcinomas and two lung adenocarcinomas) were examined by immunofluorescence staining and phase-contrast microscopy (Table  II) . Except for one specimen of lung adenocarcinoma (patient No. 10), all others from carcinomatous fluids, even those with positive immunoperoxidase staining of primary sites, were negative for E-cadherin by immunofluorescence staining. Cancer cells in all of those fluids, including those in pleural effusion from lung adenocarcinoma (patient No 10) generally showed no obvious cell to cell contact formation by phase-contrast microscopy. In Figure 7 , some typical specimens selected from Table II Mechanisms for formation of caricnomatous fluids have not been clearly elucidated (Anisimov, 1982; Esaki et al., 1990) . In particular, there have been no extensive studies of cancer cells infiltrating to carcinomatous fluid. The results of the present investigation clearly indicate that lack of or dysfunction of E-cadherin was characteristic of cells in carcinomatous fluid. Furthermore, the fact that the primary sites were positive for E-cadherin in some cases with carcinomatous fluid, suggested the possibility that either they lost E-cadherin expression during detachment and infiltration process from the primary sites or that they represent some particular clones which lack E-cadherin at the primary sites and preferentially contribute to the malignant effusion.
Elucidation of the mechanisms for such depressed or impaired expression of E-cadherin in cancer cells should be an important task for understanding cancer progression. Our preliminary investigations conducted with signet ring cell lines revealed that in those with depressed E-cadherin expression on their cell surfaces, mRNA signals of E-cadherin were still detectable. These results suggest that the impairment of expression occurs at a post-transcriptional level. In order to establish the role of E-cadherin expression for detachment and infiltration of cancer cells, further studies on a wide variety of cancer tissues and animal models are warranted.
